Editor: I would suggest that the authors consider uploading the Skogen and Søiland user's guide as supplementary material if possible. This follows the suggestion made in the abstract of GMD's 2013 editorial: http://www.geoscientific-model-development.net/gmd_journal_white_paper.pdf
: The second panel of this figure is fairly impenetrable. It looks to me like the months of January, March and November could be removed without impacting the figure at all. It might also be an idea to retain the colour scheme from the first panel, and show the months of May, July and September as dotted, dashed and solid lines. Reply: we chose to remove the winter months from the (b) panel, the figure looks much better now.
Other changes:
We rearranged the order of the supplementary materials in order to so that the reference in the text to Figure S1 , S2, S3 etc. comes in that order. where pi fs are the grazing preferences for the different food sources, the grazing preferences 6 for microzooplankton can be found in Table 2 , while the preferences for mesozooplankton are 7 0.45 for diatoms and 0.275 for both microzooplankton and detritus. 8
The assimilation efficiency for both size-classes of zooplankton is set to 0.75 (Pätsch et al., 9
2009) and the mortality rate (M Z ) is also formulated as a half saturation relationship: 10
where m z is the maximum mortality rate (0.2 day -1 ) and the half saturation constant k m is 0.2 12 mmolN/m 3 for both size classes of zooplankton. For the loss terms of zooplankton 90% of 13 the material goes into the detritus pool and 10% is returned to nitrate. 14
Experiment setup 15
The tuning was done on a coarser grid (30-50 km) than the 15-km grid ( climatological temperature, salinity, nutrients and oxygen was applied at the lateral 24 boundaries. A weak relaxation of salinity (relaxation timescale of 200 days) was also applied 25 at the surface. River nutrients were derived from GlobalNEWS model output (Seitzinger et 26 al., 2005) . In all, 16 sensitivity simulations were performed with the coarse model 27 (simulation names starting with N) and the parameter changes in each run are summarized in 28 Table 2 and the location of the relevant code is given in Table A1 . In order to assess the 1 effect of the revised parameter set on the 15-km model, two simulations were performed; one 2 with the with the higher resolved grid (simulation names starting with TP); the original set of 3 parameters (TP0) and one with revised set of parameters (TP1) 
). The largest changes are the level from 100 to 500 meters and the same reduction of 13 nutrients is seen in the surface values during winter. There is a small reduction in maximum 14 phytoplankton over time, but primary production shows no drift. The basin-scale drift of 15 nutrients was investigated previously in a 50-year run with HYCOM-NORWECOM V1.0 on 16 the coarse model grid also used in this study. There was a small drift for the concentration of 17 all three nutrients of ~0.1 mmol/m 3 for nitrate (increase) and silicate (decrease) and a ~0.01 18 mmol/m 3 decrease of phosphate (Hansen, 2008), therefore we do not anticipate that this drift 19 will subside with time and conclude that three years spin-up is sufficient for the system. The 20 sensitivity simulations were initiated in 1996 and run for a 6-year period. The impact of a 21 single parameter or model formulation change was investigated in 11 sensitivity simulations. 22
Subsequently the impact of five different combinations of these alterations was studied. 23
Model-observation comparisons were performed in the period 1998 to 2001 because of 24 relatively good in-situ data coverage combined with availability of ocean colour data in this 25
period. 26
The model results to be compared to in-situ data was extracted from the model from files 27 containing daily averages. The modeled values from the grid box and model layer containing 28 the observation point on the day of the observation were selected. The model results were not 29 interpolated temporally or spatially. In the case of several observations within the same grid 30 cell and layer, the mean of the observed values was used. 31
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Description of observations 1
An observational dataset collected as a part of the Norwegian Institute of Marine Research 2 monitoring activities was used. In addition to comparing the simulations to the entire dataset, 3
we also focused the comparison on two sub-regions; one in the Norwegian Sea and one the 4 Barents Sea (Fig. 3) . The available in-situ data relevant to the NORWECOM model are 5 nutrients (silicate, nitrate, nitrite and phosphate) and chlorophyll, obtained by analysis of 6 discrete water samples. Because we only have one type of nitrogen nutrient source in the 7 model, the modeled nitrate was compared to the sum of observed nitrate and nitrite. The 8
Norwegian Sea sub-region includes Station M and thus observational data are available 9 throughout the year for all of the variables, while in the Barents Sea observations are collected 10 primarily during August and September (Fig. 3) . 11
Statistical method for model evaluation 12
In the paper by Allen et al. (2007) , several metrics for evaluation of biogeochemical models 13 were presented. A combination of model efficiency (ME) and percentage model bias (Pbias) 14 was used for the comparison between the model simulations and observations. These 15 statistical quantities are defined as: 16 
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21
Pbias gives an indication on whether the model results are consistently under-or 22 overestimated compared to the observations.
8
In addition, standard deviation, correlation coefficient and the centered root mean square error 1 of chlorophyll and nutrients were evaluated in Taylor diagrams (Taylor, 2001 ) that show the 2 overall quality of the runs. The model efficiency showed that the results from the control runs with the original 7 parameters (N00 and TP0) were in general good with respect to nutrients (Fig. 4) . The model 8 performance was better for nitrate and phosphate than for silicate. In terms of ME for the 9 nutrients there is little difference between the coarse and the fine model, but the results from 10 the high-resolution model is slightly better. The percentage bias is also similar in the two 11 control runs and again the estimates of nitrate and phosphate have higher skill compared to 12 silicate (Fig. 5) . The bias is positive, meaning that the modeled nutrients are consistently 13 lower than the observed nutrients (eq. 7). The nutrient bias is slightly better in the high- The prediction of the chlorophyll content is even more challenging than for the nutrients. 26
Here the runs with the original parameter set for both resolutions show no skill for the ME 27 (Fig. 4 ) and large negative percentage biases (Fig. 5) , meaning that the model consistently 28 overestimates the chlorophyll. For chlorophyll there is no consistent improvement with 29 resolution. Correlation between the observed and modeled chlorophyll is poor and the 30 amplitude of the annual cycle is overestimated (Fig. 6) . Analyses have shown that the model 31 runs are consistently late in the spring bloom, a persistent feature in this model system ( Table 2 . 10
The first run, N01, had quadratic rather than linear mortality of phytoplankton, this change 11 was aimed at increasing the phytoplankton losses during periods with high phytoplankton 12 biomass. This alteration had little effect on the results, nevertheless it was also tried in 13 combination with other parameter changes, N07 and N13, but no improvement was observed, 14 therefore this alteration was not included in the final model formulation. The next three sensitivity simulations explored alterations to the zooplankton mortality term; 27 quadratic mortality (for both zooplankton size classes) -N04, increased and decreased 28 mesozooplankton mortality -N05 and N06. These alterations had little effect on the error 29 statistics and were not considered in any of the subsequent runs. 30
Three runs where the sensitivity to the choice of nitrate to chlorophyll ratio was investigated. 1
The first (N08) was a simple increase by 25%, while the values of 12.5 (N09) and 6.3 (N10) 2 were found in the literature (Fouilland et al., 2007; Yentsch and Vaccaro, 1958 Yentsch and Vaccaro, 1958). The alteration had little effect on the overall results for nutrient, 5 but a rather large effect on chlorophyll. In general an increase of this ratio lead to an 6 improvement in the chlorophyll comparison and a decrease to deterioration of the model 7 results. We did not alter this value during the tuning, but think that a mechanistic model 8 allowing for variable N:Chl ratio should be included in the model. 9
Motivated by the observation that diatoms can be consumed by microzooplanton (Sarthou et  10 al., 2005) we made an experiment where diatoms were included in the diet of 11 microzooplankton (N11). The microzooplankton grazing rate was also increased (N12). 12
These runs, especially N12, had a negative effect on the silicate results, but a positive effect 13 on the nitrate and phosphate. These changes also contributed to better results for the 14 chlorophyll. The increased microzooplankton grazing rate resulted in improved performance 15 of the model and it was the first simulation where the biases in both 1998 and 1999 were 16 better than 'Poor' for chlorophyll. 17
From the above simulations we learned that reduction of the Si:N-ratio and microzooplankton 18 grazing were the changes having the most positive impact on the model performance. Since 19 these changes to zooplankton grazing negatively affected the silicate results, this alteration 20 was combined with the reduction of the Si:N ratio in simulations N14 and N15. The run 21 including diatoms in the microzooplankton diet was combined with reduced Si:N ratio in run 22 N14, this only improved the silicate results. When these changes were also combined with 23 increased microzooplankton grazing (N15) the results for all nutrients improved. In the last 24 experiment, N16, a reduction of the maximum growth rate for both types of phytoplankton 25 were added to N15, this had an additional positive effect on the chlorophyll errors. The 26 parameter set in N16 was decided upon and studied in the high-resolution model. 27
Assessment of revised model simulation 28
The observations in some regions such as Station M and in the repeated sections (visible in 29 the winter panel of Fig. 3 ) are collected more systematically and are more numerous than in 30 the other regions. In the Norwegian Sea at Station M observations are available throughout 31 the year, in the repeated sections each season is sampled, and an extensive survey in of the 1 Barents Sea is done annually in August/September (Fig. 3) . This should be kept in mind 2 when comparing the performance of the run with original and revised parameters in different 3 regions (Figs. 7 and 8). Overall the regional estimates were worse than the one including all 4 observational data, but there are also areas where there are significant improvements. The 5 results show that in terms of Pbias, nitrate and phosphate were improved in the central 6
Norwegian Sea and Eastern part of the Barents Sea (Fig. 7) . In the northwest of the 7
Norwegian Sea eastern part of the Barents Sea there is little improvement, but the two latter 8 regions only have data in specific seasons (Fig. 3) . For silicate the regions where there is 9 improvement is more intermittent, but the bias in the original run was 'poor' over most of the 10 region, this is no longer the case. The bias for chlorophyll changes sign, but not show any 11 regional improvement. The model efficiency shows improvement in the estimates of all three 12 nutrients, in particular in the central Norwegian Sea where the results were initially not so 13 good (Fig. 8) . Chlorophyll remains below 'no skill' in the most of the domain, except for a 14 few places in east and north part of the domain, where it is 'good' ( In addition, when comparing to model results there is an added uncertainty in what the 1 observations represent. One measurement may represent the value in a few litres of water, 2 while the model value represents the value in ~10 9 m 3 of water, depending on the model 3 resolution. Here, the same dataset was used for evaluation of the effect of the tuning, as was 4 used to study the needs for tuning. To be fully validated, the model should be compared to 5 independent observed data (Stow et al., 2009). However, due to scarce availability of 6 observed data, it was decided to use all data for both activities. For the model to perform well there, it needs to simulate the correct water masses at this exact 31 point. Station M is located close to a front between two water masses, and the model is not 1 always simulating the location of this front well ( Figure S5 ). In the Barents Sea most of the 2 observations are collected in sections or over the whole area during early fall, therefore some 3 of the dependency on simulating the correct location of fronts falls away in this region. In 4 shallow areas, such as along the coast and in the Barents Sea, better representation of benthic 5 processes as well as the lack of tides are probably sources of errors. addition, the fact that we don't include ice-algae in the model also introduces sources of 14 errors. 15
Conclusions 16
In total 18 sensitivity runs were performed on the higher-and coarser resolution model grid. 17
First, the effect of tuning of single parameters was studied. Subsequently, the tuning of 18 combinations of parameters were tested in the coarse model. The conclusion was that the best 19 overall results were obtained when a combination of grazing preference for 20 microzooplankton, Si:N ratio in diatoms and reduced growth rate for phytoplankton was used. 21 This combination of parameters was then changed in the higher-resolution model and the 22 differences in performance between the two sets of parameters were investigated in that 23
configuration. 24
The revised run shows a clear improvement compared to the original run, particularly for 25 nutrients but also for chlorophyll, but while the previous run tended to overestimate the 26 annual cycle of chlorophyll, the revised run tends to underestimate the amplitude (Fig. 6) . 27
Based on these results, the revised parameter set presented here were also implemented as part 28 of an operational system for the Arctic. A major difference between the model runs presented 29 here and the operational system is that the operational system includes data assimilation in the 30 physical model (Sakov et al., 2012), which may alter the physical model and in turn alter the 31 performance of NORWECOM. A study of the impact of data assimilation on this model 32 (Samuelsen et al., 2009a) showed that there were typically a difference of 5-10% for the 1 nutrients and chlorophyll between the free run and the run with assimilation, but with 2 difference up to 20% in the Arctic. Data assimilation can also be applied to the 3 biogeochemical model, both as a mean of improving the forecast fields and as a method for 4 optimizing model parameters (Simon et al., 2012). 5
We have shown that the model reproduces a reasonable annual cycle, but the initiation time of 6 the spring bloom is consistently later than the observations. None of the parameter alterations 7 affecting the timing of the spring bloom by more than a few days, while the lag in bloom 8 initiation compared to observations is 20-30 days, This indicates that the error in timing is an 9 effect either of the physical model or a missing process, such as for example phyto-10 convection (the early seeding of the spring bloom by phytoplankton that was mixed down 11 during winter: Backhaus et al., 1999 Backhaus et al., , 2003 . Another challenge is to show that the model also 12 produces realistic interannual variability. The model shows less variability than the observed 13 data, but this is also expected as the observations include a spatial and temporal variability 14
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